(3 × 100 mL). The product obtained was dried at 60
• C for 24 h to afford Ag 3 [Co(CN) 6 ] as a white powder (5.1644 g, 83.5%).
Neutron powder diffraction data collection and room temperature structure refinement
Neutron diffraction data were collected using the time-of-flight diffractometer GEM at ISIS (S2-S4) . For the experiment, approximately 3 g of finely-ground Ag 3 [Co(CN) 6 ] was placed within a thin-walled cylindrical vanadium can 8.3 mm in diameter and 5.8 cm in height and the assembly mounted within a Variox cryostat. Data were collected over a large range of scattering vectors of magnitudes 0.3 ≤ Q ≤ 50Å −1 at temperatures of 10, 50 150 and 300 K.
The room-temperature data were corrected using standard methods (S5) and converted into time-of-flight Bragg diffraction profiles I(t). Structural refinement was performed with the GSAS Rietveld refinement program (S6), using those I(t) profiles collected by the detector banks centred on 2θ = 63.62
• , 91.37
• and 154.46
• . The crystallographic starting model used was that given in (S7); details of the refined model produced are given in Tables S1 and S2 .
Variable temperature x-ray powder diffraction Powder x-ray diffraction experiments (16-300 K) were performed using a Bruker-AXS D8 diffractometer equipped with a Cu tube and Ni-filter, yielding Cu K α1 and Cu K α2 radiation (λ 1 = 1.540598Å, λ 2 = 1.544426Å, respectively). The diffractometer was operated in Bragg-Brentano geometry with the data collected using a LynxEye semiconductor strip detector (SSD). A variable temperature sample environment of 16-300 K was achieved using an Oxford Cryosystems pheniX cryostat. For the experiment, the sample was dispersed as a finely ground powder sample onto a zero-background silicon wafer. Data collections were performed over the range 10 ≤ 2θ ≤ 80
• using a step size of ∆2θ = 0.01
• and a counting time of 0.27 s/step. These collections were repeated at temperature intervals of approximately 5 K across the range 16-300 K (in both heating and cooling modes); the mean temperature for each diffraction pattern was extracted from readings taken at 30 s in-tervals throughout the measurement. Independent checks using a variety of well-characterised materials suggest that the temperature values obtained are accurate to within 3 K.
High temperature X-ray diffraction data (300-500 K) were collected using a Bruker-AXS D8 diffractometer equipped with a Cu tube and a Ge(111) incident-beam monochromator giving
Cu Kα 1 (λ = 1.540598Å) radiation. The diffractometer was operated in Bragg-Brentano geometry with the data collected using a gas filled Våntec linear position-sensitive detector (PSD). A variable temperature sample environment of 300-532 K was achieved using an Anton Paar HTK 1200 furnace. For the experiment, a flat sample was mounted on an amorphous silica disk. Data were collected over the range 10 ≤ 2θ ≤ 75
• using a step size of ∆2θ = 0.017
• with a counting time of 0.31 s/step. These collections were repeated at temperature intervals of approximately 10 K across the range 300-532 K.
Lattice and structural parameters were derived using the Rietveld method (S8) as implemented within the TOPAS suite of programs (S9), which is suited for its ability to model unusual peak shape functions. We found that the room-temperature and high-temperature powder diffraction patterns could be fitted well using a normal pseudo-voigt function. However, for the data collected at lower temperatures, it was necessary (i) to add to this function an isotropic broadening term (of Lorentzian shape), and (ii) to convolute the resultant peak with an hkldependent exponential function in order to model the observed asymmetry. This asymmetry was evident in some reflections having peak shapes which trailed to high 2θ and others with peak shapes trailing to low 2θ. In our analysis we found that a suitable fourth-order spherical harmonic function reproduced this asymmetry well, with both the isotropic strain term and anisotropic broadening contribution varying smoothly towards zero at room temperature. Lattice parameters and coefficients of thermal expansion calculated from a polynomial fit (n = 5)
to both heating and cooling run data are given in Tables S3 and S4 .
Variable temperature neutron powder diffraction Neutron powder diffraction data collected at temperatures of 10, 50, 150 and 300 K as described above were corrected using standard methods (S5) and converted into T (r) distribution functions, structure factors S(Q) and time-of-flight Bragg diffraction profiles I(t).
For lattice parameter refinement using the GSAS Rietveld refinement program (S6), we used those I(t) data sets collected by the detector banks centred on 2θ = 63.62
• . As for the x-ray structural analysis, we found that the room temperature diffraction pattern could be fitted well using a standard peak shape function, but that data collected at lower temperatures required special treatment. We approached the problem of refining those data collected at lower temperatures by considering that the spherical harmonic convolution employed in the x-ray analysis can be interpreted as defining a distribution of lattice parameters in the polycrystalline sample (S10). Accordingly, we employed a multi-phase model in our structural refinements in which the Ag 3 [Co(CN) 6 ] powder sample is treated as a mixture of phases with different unit cell parameters but with common relative atomic positions and atomic displacement parameters (at a given temperature). The contribution of each phase, calculated using the room temperature peak-shape parameters, is added to produce a composite diffraction profile that is capable of assuming anisotropic peak shapes.
The GSAS refinement process then involved variation not only of the atomic positions and displacement parameters, but also of the relative populations of each phase. As such, we avoided refining a single set of lattice parameters, obtaining instead a distribution profile across a range of unit cell dimensions.
For each data set, we refined the populations of eight separate phases according to this method. The lattice parameters used for each phase were selected according to the following algorithm, which was developed in order to model the observed anisotropy most satisfactorily.
First, a structure refinement was performed using a standard t.o.f. peak shape function, giving a "compromise" set of lattice parameters a n , c n that resemble a weighted mean across the entire distribution. In each case, these values reflected a more moderate thermal expansion behaviour than those values a x , c x obtained in the TOPAS refinements of x-ray data (i.e. a x < a n and c x > c n ). We note that this is to be expected since the x-ray values correspond to the singlecrystal limit; i.e., the values expected in the absence of strain effects. The differences δ a = a x − a n and δ c = c x − c n between these two lattice parameters are then used to produce a set of eight lattice parameters for the GSAS multi-phase refinement: {(a n + δ a , c n + δ c ); = }. This range of values was judged the minimum necessary to model the peak asymmetry.
Density functional theory calculations Density functional theory (DFT) calculations were carried out using the academic version 4.1 of the CASTEP plane-wave DFT code (S11) in the Generalised Gradient Approximation using the Perdew-Burke-Ernzerhof (PBE) functional (S12). Norm-conserving pseudopotentials were employed, generated with the OPIUM package (S13), and convergence testing led to an energy cut-off of 680 eV and a 3×3×3 MonkhorstPack k-point grid being adopted for all runs. The calculations themselves were submitted as 4-core message passing interface (MPI) jobs on individual symmetric multiprocessing (SMP) machines within the University of Cambridge's computational grid CamGrid (S14, S15), which is itself based on the Condor middleware (S16).
Phonon analysis of neutron total scattering data The RMCProfile implementation of the reverse Monte Carlo (RMC) structural refinement method (S17)-modified to take into account the spread of lattice parameters determined in the GSAS refinements-was used to generate ensembles of atomistic configurations consistent with the neutron T (r), S(Q) and I(t) data.
Each of these configurations spanned 288 unit cells, and each ensemble (corresponding to a single temperature point) contained approximately 1000 independent configurations.
The atomic positions in these ensembles were analysed via the reciprocal-space approach given in (S18, S19) to yield a set of phonon frequencies and mode eigenvectors for each point in reciprocal space allowed by the supercell geometry. Theν values given in Fig. 4B were calculated by weighting the phonon frequencies by the relevant atomic contribution to the corresponding eigenvectors and taking the average of these weighted values over all allowed kpoints. The overall energy scale was adjusted for the temperature points below 300 K to take into account the systematic shifts in phonon frequencies observed in variable-temperature studies (S19). What this means is that changes in the overall phonon energy are not recoverable from the analysis, but that the relative changes of individual components (i.e. the large relative decrease in the energies of Ag-displacing modes shown in Fig. 4B ) do emerge. Table S1 . Crystallographic details of the structural model refined using GSAS against the neutron scattering data collected at 300 K. Estimated standard deviations are given in parentheses.
Relative atomic positions are as follows: Ag ( 
